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Preliminary Year 2 Report in Support of Incremental Funding 
 
June 1, 2008 through May 31, 2009 
 
Validation and Field Testing of Microbial Source Tracking Methodologies in the Gulf of Mexico 
Grant/Cooperative Agreement/Interagency Agreement No. MX-96478707-0 
Project Manager:       Valerie J. Harwood, Ph.D.                                                 
 
SYNOPSIS 
This report covers the project from the end of the preliminary year 1 report, May 31, 2008 through 
May 31, 2009.  
• The second workshop (first funded by this study) was held February 12-13, 2009 in St. 
Pete Beach immediately following the GoMA Pathogens Workshop at the same venue.   
• The three collaborating labs (Texas A&M Corpus Christi, Texas A&M El Paso and 
Nicholls State University) began work on the project.  
• Phase II: Validation of methods at field sites has been initiated by the co-PI labs (USF, 
UWF, USM).  
• Site selection for Phase II is underway for the collaborating laboratories (Texas A&M 
Corpus Christi, Nicholls State University and Texas A&M El Paso). 
• A peer-reviewed manuscript describing the first 18 months’ results has been accepted for 
publication in Water Research. 
OVERVIEW 
The overarching goal of this study is to identify useful method(s) for detecting human 
sewage pollution in Gulf of Mexico waters and to produce protocols that are readily 
transferable across laboratories (standard operating procedures), such that these microbial 
source tracking methods can be used by laboratories across the Gulf of Mexico states. This 
project is a collaborative effort among several universities, USF, UWF and USM (co-
principal investigators) as well as TAMU at Corpus Christi (TX), TAMU at El Paso (TX) 
and Nicholls State University (LA) (collaborators). This report focuses on the 
accomplishments of Year 2 of the grant, while this overview provides a synopsis of the 
first two years of work.  
Three human-associated MST markers were tested for sensitivity, specificity, and limit of 
detection in subtropical Gulf of Mexico waters (Tampa Bay, FL), the western panhandle of 
Florida (Pensacola), and the Mississippi coast region. All three markers (human 
polyomaviruses, human-associated Bacteroidales and Methanobrevibacter smithii) were 
sensitive (100% detection in sewage), specific ≥ 96%, and could be detected in sewage that 
was diluted one-thousand fold or greater. At an experts workshop held in February 2009, 
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2009, field testing was recommended for all three markers due to their demonstrated 
sensitivity, specificity, and robustness across the geographical regions and laboratories. 
Field testing at relatively human-impacted and –unimpacted sites is underway for USF, 
UWF and USM. During Year 2, a second tier of collaborating laboratories joined: TAMU 
at Corpus Christi, TAMU at El Paso, and Nicholls State University, LA.  The collaborating 
laboratories have generally demonstrated the ability to perform the SOPs and have passed 
blind testing, and are ready to move on to field testing. 
The ability to identify sources of microbial pollution that pose a high risk to human health, 
such as human sewage, improves our ability to warn the public of a health risk and also 
allows us to target failing infrastructure and other contributing factors for remediation so 
that the problem can be eliminated. Ultimately this work will contribute to both 
recreational water safety and the safety of shellfish that are harvested from the Gulf of 
Mexico. Sewage also carries a heavy load of organic and inorganic pollutants that disrupt 
the ecological balance of the Gulf of Mexico, therefore this work also contributes to 
ecosystem health across this economically and ecologically vital water  
Materials related to this project, including MST protocols and publications, are published 
on the following website maintained by Dr. Shiao Wang at Mississippi State University: 
http://www.usm.edu/bst/goma.htm 
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Table 2.  Non-target fecal samples used to determine specificity of MST methods. Fecal 
samples from each geographic region (central Florida, western Florida, and Mississippi) 
were tested. 
 
 HPyVs Human-associated 
Bacteroidales 
M. smithii 
Cat (Felis catus) 25 19 22 
Chicken fecal (Gallus gallus) 
Chicken effluent 
32 
5 
32 
5 
32 
5 
Cow
 
 fecal (Bos taurus) 
Dairy lagoon 
77 
1 
77 
1 
77 
1 
Dog (Canis lupus familiaris)  76 76 100 
Duck (Anas platyrhynchos)  35 35 35 
Seagull (Larus atricilla) 58 58 58 
Bird (other)  7 7 7 
Wild  16 6 6 
Total 
332 316 343 
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WORK ACCOMPLISHED (CONTINUED) 
b. The Gulf of Mexico Alliance Pathogen Workshops Threesome was held February 10-13, 
2009 at the Sirata Beach Resort in St. Pete Beach, Fl. Joint USF/USM/UWF researchers 
hosted  “Microbial Source Tracking in the Gulf of Mexico: A Review of the Current 
Study and Directions Forward,” the final workshop in the collaborative conference. A 
summary of work to date on MX-96478707-0 was presented and a panel discussion was 
held on which methods would move forward to Phase II, field testing. Many discussions 
were held on current MST issues; see Appendix B for post-workshop notes (and pictures) 
and Appendix C for a list of participants at the workshop. 
 
c. Year 1 data was submitted as a manuscript and accepted by Water Research for publication 
in a special issue focusing on cross-validation of methods for the detection of fecal 
pollution indicators. For all publications/presentations see Appendix D. 
 
d. Hollow fiber filter (HFF) was used to concentrate water from a freshwater creek impacted 
by sewage. Five days after ~ 500,000 gallons of sewage entered the creek, a 10L sample 
was concentrated by HFF. The extracted DNA from that sample produced PCR positives 
for all three markers. At the same time, 300ml of creek water was concentrated by 
membrane filtration, using the SOP developed for this project. Only two of the three 
markers were detected (HPyVs and human Bacteroidales), and it was noted that the 
turbidity of the creek sample was 3 NTU (low turbidity).  
More samples were collected a month later when the turbidity of the creek water was 160 
NTU. No markers were detected by HFF or membrane filtration. However, a 10L - HFF 
sample spiked with 2.5ml of sewage (25µl sewage/ 100ml of diluent) was positive for all 
three markers.  
e. A sewage spill that lasted for several days occurred in May 2009, ending May 7, 2009. The 
sewage spilled into a retention pond and was first sampled on May 8, 2009, before any 
contaminated water was pumped from the pond. The pond was sampled five times over 
the next several weeks. All results are not in; however all three MST markers were 
present on the first two samples dates (within a one-week period), and enterococci 
concentrations ranged from 5 x 105 CFU/ 100ml on the first sampling date to 1.6 x 104 
CFU/100 ml after two weeks. 
 
f. Field sampling is in progress for co-PIs (USF, USM, and UWF). Site types tested: 1) have 
a history of high indicator organism concentrations and considered impacted, 2) known to 
be relatively unimpacted, and 3) any opportunities of sewage input into water bodies (e.g. 
sewer main breaks) that are reported by health officials. See Appendix A for  maps of 
impacted and unimpacted sites. 
 
 
 
 7 
 
# Samples Processed Markers Present Site  
USF USM UWF  
History of High IOs 6 3 9 0 
Relatively Unimpacted 6 3 6 0 
Impacted by Sewage 7 5 10 18 
 
• We are now entering the rainy season, which may or may not affect the 
absence/presence of markers 
• We are also using the general Bacteroidales primers on all environmental samples 
as a control for inhibition 
 
g. Three round robins (blind samples) sent by USF to UWF and USM were completed. Only 
one lab encountered problems with the first round, the other rounds were completed 
successfully.  One round robin sent by USM to USF and UWF was also completed 
successfully.   
h. Year 2 includes the addition of collaborators: Dr. George DiGiovanni, Texas A&M at El 
Paso (volunteer), Dr. Joanna Mott, Texas A&M at Corpus Christi, and Dr. Marilyn 
Kilgen, Nicholls State University, Louisiana. 
• E. coli clones containing the three human-associated genetic markers and the 
corresponding primers were sent to our three collaborators. All were able to 
perform PCR SOPs for HPyVs, human Bacteroidales and M. smithii using a 
cloned gene fragment for each organism as the target. 
• Texas A&M at El Paso determined LOD by spiking buffered water with 
sewage, demonstrating their ability to perform sample processing SOPs and to 
detect the markers after filtration and sample processing.  
• Two round robins (blind samples) were sent by USF to the three collaborating 
labs:  Texas A&M at El Paso successfully processed both rounds; Texas A&M 
at Corpus Christi successfully processed both rounds; and NSU did not 
successfully process both rounds.  
• Conference calls for updates and coordination are held bi-weekly or monthly 
with the collaborators. 
i. We used plasmids with a cloned DNA fragment to determine the limit of detection of each 
PCR method. All were highly sensitive, with LOD below 20 copes per assay. There was 
some difference among the laboratories, as the USF results were sometimes an order of 
magnitude more sensitive than the other laboratories. These experiments may be repeated 
in order to verify the other laboratories’ LOD results. 
 
2. PROBLEMS AND SOLUTIONS. 
• Although hollow fiber filtration is extremely rapid and efficient at concentrating 
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microorganisms from large volumes of water, there is a tradeoff between the 
concentration factor and the concentration of substances that are inhibitory to PCR. 
To date, our data suggests that there is little benefit from HFF concentration, 
although work in this area is ongoing. Sample clean-up protocols may be helpful in 
eliminating the inhibitory substances. 
• Some experiments by the research team have shown that alternative formulations of 
Taq are less susceptible to inhibition than other forms. Our SOP specifies GoTaq 
Green (Promega), which was the Taq used for all sensitivity and specificity testing. 
EconoTaqPlus Green (Lucigen) may be less susceptible to inhibition; however, it 
may also be more prone to producing spurious bands and false-positive results. The 
experts assembled at the GoMA MST Workshop agreed that the research team 
should continue to use GoTaq Green, since so much work on validating results 
using it had been done. 
• Field sampling to date by USF, UWF and USM has yielded a limited number of 
beach samples with high bacterial levels, and none of them have been positive for 
human markers. However, the rainy season had not started for these locales as of 
the writing of this report; we expect that the sites will be more heavily impacted 
with the advent of higher rainfall levels. If the indicator bacteria levels do not 
increase with rainfall, we may sample sites such as stormwater outfalls that are not 
diluted by ambient waters.  
 
3. WHAT WORK IS PROJECTED THROUGH THE END OF YEAR 2? 
• Complete literature review 
• Continue field sampling 
• We plan to use salmon testes DNA as a recovery (efficiency) control for DNA through the 
extraction process. 
• We will continue to explore the use of qPCR to quantify HPyVs. A peer-reviewed paper 
has been published by McQuaig, Harwood et al. this year (see publications and 
presentations). 
4.  Is the project work on schedule? 
      Yes 
 
5.  Does the project funding rate support the work program? 
 
      To date, funds are adequate. There may be a need to expedite some quantitative PCR work;    
this will be discussed with the Program Manager. 
 
6. What has been spent to date?  What is your plan for spending the remaining funds? 
 
      Cumulative expenses through May 31, 2009 are in the amount of $310,314.20. This is a 
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preliminary report, and we expect to spend the remainder of year 2 funds by the beginning of 
year 3 (August 2009) on supplies and salaries. Remaining funds will be spent as outlined in the 
project budget. 
 
7.  Have you submitted a quarterly voucher for reimbursement?  A copy should be attached to the 
quarterly report. 
     Not applicable -- payment handled through ASAP.gov; however, see above for cumulative 
expense through April 2009. 
 
8.  Is there a change in project manager? 
      No change 
 
9.  If you have a multi-year project or will not complete the project as projected, have you 
submitted your request for a funding amendment? 
 
     This report is a precursor to the request for the next year of the project. 
 
10.Projected goals for Year 3 
  
      See proposal, but in brief, projected goals for Year 3 are unchanged and focus on: 
• Field studies (Year 3) 
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Appendix A 
 
 
 
Figure 1. Gulf of Mexico sites, including co-PIs, funded collaborators and volunteer 
collaborators 
     
 
Co-PIs: (D) Shiao Wang, R.D. Ellender, USM; (E) Joe E. Lepo, UWF; and (F) Valerie J. 
Harwood, USF 
Collaborators: (A) Joanna Mott, Texas A&M; (C) Marilyn Kilgen, Nicholls State University;  
(B) George DiGiovanni, Texas A&M 
 
B 
A 
C 
E D 
F 
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Figure 2.  USF Year 2 sampling sites: a relatively human-impacted site at Ben T. David Beach (A) 
and a relatively unimpacted site at Fort DeSoto State Park (B). 
 
 
 
Figure 3.  USM Year 2 sampling sites: a relatively human-impacted site at Trautman Ave. Beach 
(A) and a relatively unimpacted site at Lady Mary Ave. Beach (B). 
 
 
A 
B 
A 
B 
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Figure 4.  UWF Year 2 sampling sites: relatively human-impacted site(s) at Quietwater Beach 
(A1) and Bayview Park (A2) and relatively unimpacted site(s) at Casino Beach (B1) and Shoreline 
Park (B2). 
 
A2 
A1 
B2 
B1 
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Appendix B 
 
 
USEPA Gulf of Mexico Program / Gulf of Mexico Alliance MST Workshop 
Year 1 of USF/UWF/USM MST Grant 
February 12-13, 2009 – St. Pete Beach FL 
(35 Attendees) 
 
1. Steve Wolfe: breakdown of GoMA goals and organization; Action Plan II (5 years) starts 
Spring of 2009 
2. Dr. Jorge Santo Domingo, U.S. EPA: Bayesian theory – probability of marker correctly 
detecting contamination when present (or lack thereof when absent); gull marker; 
metagenomics 
3. David Whiting, FDEP: FDEP’s requirements for MST methods – robust, repeatable, 
reproducible; sensitivity, specificity, quantifiable, discriminate recent from old 
contamination, legally defensible (QA/QC!), known error rate 
4.  Dr. Valerie J. Harwood: status of the research project (Year 1 and beginning of Year 2). 
5. Dr. R.D. Ellender, USM: case study using M. smithii and human-associated Bacteroides as 
human source markers in coastal Mississippi waters.  
6. Dr. Joe Lepo, UWF: case study using human source markers and indicator bacteria in 
Bayou Texar 
7. Dr. George DiGiovanni, TAMU El Paso: Lake Granbury, TX area with canals and old 
septic systems, frequently positive for ruminant Bacteroides marker 193, no human 
markers detected among  M. smithii, human-associated Bacteroides and HPyVs tests 
except HPyV (1x, duplicate). Detection of ruminant marker is a mystery since there are no 
evident sources there. 
LUNCH 
1. Harwood: proposed sites for Year 2 field testing (un-impacted, impacted) 
a. USF – Fort DeSoto State Park, Ben T. Davis Beach 
b. USM – Buccaneer State Park, Cowan/Lorraine Road Beach 
c. UWF – Still exploring; possibly Big Lagoon State Park and Bayou Chico; data is 
being gathered on other sites. 
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2. Shannon McQuaig, M.S.: Presentation on qPCR method for HPyVs 
PANEL DISCUSSION 
• Which of the human-associated markers explored to date in this project should 
receive continued use?? 
o Human-associated Bacteroides 183f, 708r (Field’s) is the most validated, can be 
quantified (but not in our grant). 
 All in agreement that we should stay the course and not switch to qPCR 
 Possible separate grant in GoMA Action Plan II or FL DEP funding for 
qPCR 
o No reason to discontinue use of M. smithii or HPyV – the diversity of 3 
different organisms is good for a suite of tests. Use of a viral marker seems 
particularly advantageous. 
• MST should correlate to health risk and not necessarily indicator organism 
concentrations 
o The HPyVs marker is negatively correlated with indicator bacteria in sewage 
• Using carrier and blocking DNA in DNA extractions to help with low concentrations of 
target was discussed and it was concluded that since there was no difference in buffered 
water and other matrices that were seeded with sewage, this step does not need to be 
used for binary (+/-) PCR unless a difference is noted in sensitivity for markers in 
buffer vs. in water samples [higher sensitivity in environmental water sample than in 
buffer] 
• DNA extraction efficiency? Added control? 
• Ethanol precipitation? 
• Inhibition 
o Inhibition is a bigger problem in qPCR than in binary PCR because the goal is 
to quantify in qPCR rather than just detect. 
o Spiking environmental samples for inhibition control should be performed with 
a target concentration of ~10X the limit of detection (not artificially high) 
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o The GoTaq PCR protocol should be used through the study since sensitivity and 
specificity have been established with it. 
o Total Bacteroides primers should be used on non-target fecal samples 
• All were in agreement that sediment samples are outside the scope of this project and 
would require a new set of SOPs 
o Mike Sadowsky has some sediment protocols that can be made available. 
• Field study sites: should be estuarine to marine and impacted vs. non-impacted 
o Are they impaired waters on the Section 303d list? 
• Can the pilot study (Year 3) be combined with pathogens? 
• Make explicit goals for field studies 
• Set up monthly conference calls with collaborators 
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USEPA Gulf of Mexico Program / Gulf of Mexico Alliance MST Workshop 
 
 
 
On a cold foggy night….. 
 
 
 
 
 
in the sunshine state of Florida…….. 
 
Don Stoeckel, USGS 
Shiao Wang, USM 
Brian Badgley, USF 
Liz Kennedy, UWF 
Miriam Brownell, USF 
Chris Staley, USF 
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Researchers were discussing the finer points of ……source tracking? 
 
Don Stoeckel, USGS 
George DiGiovanni, TAMU 
(El Paso, TX) 
Joanna Mott, TAMU (Corpus 
Christi, TX) 
Karyna Rosario, USF 
Jorge Santo Domingo, 
USEPA 
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Jorge Santo Domingo, USEPA 
Jody Harwood, USF 
George DiGiovanni, TAMU at El Paso, TX 
Don Stoeckel, USGS 
Mike Sadowsky, University of Minnesota 
Brian Badgley, USF 
Jody Harwood, USF 
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Lael Butler, USEPA 
Joe Lepo, UWF 
Shiao Wang, USM 
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Appendix C 
 
Participants in the 2009 Workshop 
 
Name Organization 
Badgley, Brian University of South Florida (USF) 
Bartkowiak, Jakub NOAA-AOML 
Brownell, Miriam USF 
Butler, Lael EPA-GoM 
DiGiovanni, George Texas A&M (TAMU ) at El Paso 
Downing, Brandy Pinellas Co. Heath Dept. 
Ellender, R.D. University of Southern Mississippi (USM) 
Gidley, Maribeth University of Miami-OHH 
Gooch-Moore, Jan NOAA-NOS 
Gordon, Katrina TAMU at Corpus Christi 
Harwood, Valerie J. USF 
Kennedy, Elizabeth University of West Florida (UWF) 
Kilgen, Marilyn Nicholls State University 
Lepo, Joe UWF 
Lukasik, George Biological Consulting Services of North Florida 
Lyons, M. Maille Old Dominion University 
McQuaig, Shannon USF 
Mott, Joanna TAMU at Corpus Christi 
Nathaniel, Rajkumar NSU 
Ornelas, Mark Alabama Dept. Environ. Mgmt 
Sadowsky, Michael University of Minnesota 
Santo Domingo, Jorge USEPA 
Scott, Troy Source Molecular 
Shanks, Orin USEPA 
Sinigalliano, Chris NOAA-AOML 
Staley, Chris USF 
Staley, Zach USF 
Stoeckel, Don USGS 
Waneless, David NOAA-AOML 
Wang, Shiao USM 
Whiting, David Florida Department of Environmental Protection (DEP) 
Whittington, Kay MS DEQ 
Wolfe, Steve Florida DEP/GoMA 
Wright, Anita University of Florida 
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Appendix D 
Publications 
 
Peer Reviewed Publications 
 
(1) 2009.  V. J. Harwood, M. Brownell, S. Wang, J. Lepo, R.D. Ellender, A. Ajidahun, K. N. 
Hellein, E. Kennedy, X. Ye and C. Flood. Validation and field testing of library-
independent microbial source tracking methods in the Gulf of Mexico. Water Research (in 
press).  
Abstract: 
Water quality is frequently impacted by microbial pollution from human and animal feces. 
Microbial source tracking (MST) can identify dominant pollution sources and improve assessment 
of health risk compared to indicator bacteria alone. This study aims to standardize and validate 
MST methods across laboratories in coastal Gulf of Mexico states. Three laboratories evaluated 
library-independent MST methods for human sewage detection via conventional PCR: 1) human-
associated Bacteroidales, 2) human polyomaviruses (HPyVs), and 3) Methanobrevibacter smithii. 
All methods detected targets in human sewage seeded into buffer, freshwater or marine water 
(100% sensitivity). The limit of detection (LOD) for human sewage was lowest for the 
Bacteroidales assay (10-5-10-6 dilution). LODs for HPyVs and M. smithii assays were similar to 
each other (10-3-10-4), but were higher than Bacteroidales. The HPyVs assay was 100% specific, 
showing no cross-reactivity to dog, cow, cat, bird, or wild animal feces among >300 samples from 
three Gulf Coast regions. The human Bacteroidales assay was 96% specific, but cross-reacted with 
10% of dog and some chicken samples. The M. smithii assay was 98% specific with limited cross-
reactivity with cow, dog and seagull samples. An experts’ workshop concluded that all methods 
showed sufficient accuracy and reliability to move forward. SOPs will be distributed to 
collaborating laboratories for further inter-laboratory comparison, and field validation will occur in 
Year 2.  
 
 
 23 
(2) 2009.   McQuaig, S. M., T. M. Scott, J. O. Lukasik, J. H. Paul & V. J. Harwood. Quantification 
of human polyomaviruses JC Virus and BK Virus by TaqMan quantitative PCR and 
comparison to other water quality indicators in water and fecal samples. Appl Environ 
Microbiol 75: 3379-3388. 
 
Abstract: 
In the United States, total maximum daily load standards for bodies of water that do not meet 
bacterial water quality standards are set by each state. The presence of human polyomaviruses 
(HPyVs) can be used as an indicator of human-associated sewage pollution in these waters. We 
have developed and optimized a TaqMan quantitative PCR (QPCR) assay based on the conserved 
T antigen to both quantify and simultaneously detect two HPyVs; JC virus and BK virus. The 
QPCR assay was able to consistently quantify >10 gene copies per reaction and is linear over 5 
orders of magnitude. HPyVs were consistently detected in human waste samples 
(57 of 64) and environmental waters with known human fecal contamination (5 of 5) and were not 
amplified in DNA extracted from 127 animal waste samples from 14 species. HPyV 
concentrations in sewage decreased 81.2 and 84.2% over 28 days incubation at 25 and 35°C, 
respectively. HPyVs results were compared to Escherichia coli, fecal coliform, and enterococci 
concentrations and the presence of three other human-associated microbes: Bacteroidetes, 
Methanobrevibacter smithii, and adenovirus. HPyVs were the most frequently 
detected of these in human and contaminated environmental samples and were more human 
specific than the Bacteroidetes (HF183) or M. smithii. HPyVs and M. smithii more closely 
mimicked the persistence of adenovirus in sewage than the other microbes. The use of this rapid 
and quantitative assay in water quality research could help regulatory agencies to identify sources 
of water pollution for improved remediation of contaminated waters and ultimately protect 
humans from exposure to pathogens. 
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